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.2012.08Abstract The leaves of lemongrass (Cymbopogon citratus) were dried using three different drying
methods (sun-drying for 36 h, shade-drying for 48 h and oven-drying at 45 C for 7 h). The essential
oil was obtained by hydro-distillation of the leaves dried by every treatment, and was analyzed by
capillary GC and GC/mass instruments. Statistical analysis showed signiﬁcant differences in the
essential oil content of leaves dried by different drying methods. Oven drying gave the highest essen-
tial oil percentage (2.45%) compared to shade-drying (2.12%) and sun-drying methods (2.10%).
Eighteen components were identiﬁed in the essential oil of fresh and dried C. citratus leaves
obtained by different drying methods, including geranial (citral-a), neral (citral-b) and myrcene
as main components. The drying methods had a marked effect on the proportion of the various
components.
ª 2012 Faculty of Agriculture, Ain Shams University. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.Introduction
Cymbopogon (family: Poaceae) represents an important genus
of about 120 species that grows in tropical and subtropical
regions around the world. On account of their diverse uses in
pharmaceutical, cosmetics, food and ﬂavor, and agriculture
industries. Cymbopogon grasses are cultivated on large
scale, especially in tropics and subtropics (Akhila, 2010).Cymb-om (A.R. Mohamed Hanaa).
lty of Agriculture, Ain-Shams
g by Elsevier
e, Ain Shams University. Producti
.004opogon citratus (DC) Stapf possesses strong lemony odor due to
its high content of the aldehyde citral, which has two geometric
isomers, geranial (citral a) and neral (citral b) (Shahi et al.,
2005). Normally, one isomer does not occur without the other.
In addition to citral, the essential oil of Cymbopogon spp. con-
sists of small quantities of geraniol, geranyl acetate and mono-
terpene oleﬁns, such as limonene (in C. ﬂexuosus) and myrcene
(in C. citratus) (Weiss, 1997). C. citratus is commonly used in
folk medicine for treatment of nervous and gastrointestinal dis-
turbances, and as antispasmodic, analgesic, anti-inﬂammatory,
anti-pyretic, diuretic and sedative (Santin et al., 2009). Studies
on extracts from C. citratus leaves have demonstrated anti-
oxidant, anti-microbial and anti-fungal activities (Oloyede,
2009; Pereira et al., 2009; Matasyoh et al., 2011).
A literature search was undertaken on the effect of different
methods of drying on chemical composition and content of theon and hosting by Elsevier B.V.Open access under CC BY-NC-ND license.
Table 1 Effect of drying methods on essential oil percentage
(%) in the leaves of Cymbopogon citratus (on dry wt. basis).
Drying method Essential oil (%)
Fresh 2.86
Sun drying 2.10
Shade drying 2.12
Oven drying 2.34
LSD at 0.05 0.218
Table 2 Analysis of variance for drying methods.
Source of variation DF MS
Drying method 3 0.389*
Error 8 0.013
Total 11
* Signiﬁcant at 0.05.
114 A.R. Mohamed Hanaa et al.essential oil. The results showed that drying method had a sig-
niﬁcant effect on oil content and composition of aromatic
plants (Venskutonis, 1997; Morsy, 2004; Okoh et al., 2008;
Shanjani et al., 2010). For example, the essential oil content
of basil plant after drying with different methods (on dry
weight basis) was reduced. The percentage loss of the essential
oil content after drying was 68.0%, 10.0% and 34.3%, respec-
tively for sun drying, shade drying and oven drying at 50 C.
The drying method also had a signiﬁcant effect on proportion
of the various components (Omidbaigi et al., 2004). Therefore,
the aim of this study was to investigate the effect of drying
method (sun, shade and oven drying at 45 C) on the essential
oil content and composition of C. citratus.
Materials and methods
Material
The fresh leaves of C. citratus were collected from the farm of
the Ornamental Horticulture Department, Fac. of Agric., Ban-
ha Univ. in the ﬁrst half of March 2009 growing season.
To study the effect of drying method, three methods of dry-
ing, (sun-drying, shade-drying with source of ventilation and
oven-drying at 45 C for 7 h) were investigated. In case of
sun and shade-drying, 650 g fresh leaves was spread over
2 m2 of area for 36 and 48 h, respectively.Methods
Extraction procedure
Fresh and dried leaves of every treatment (100 g in three repli-
cations that were cut into small pieces (l · 1 cm)) were subjected
to hydro-distillation for 3 h, using Clevenger-type apparatus,
according to the method recommended by Guenther (1950).
The extracted essential oils were dried using anhydrous
sodium sulfate and stored in sealed vials at low temperature
(2 C) before analysis.
Gas chromatography
GC analyses were performed, using a HP 6890 GC gas chro-
matograph equipped with a fused capillary column
(30 m · 320 lm i.d., ﬁlm thickness 0.25 lm) coated with 5%
Phenyl Methyl Siloxane (HP-5). Oven temperature was held
at 50 C for 2 min and then programed to 240 C at a rate of
8 C/min. Detector (FID) temperature was 280 C and injector
temperature was 240 C; Nitrogen was used as carrier gas with
a linear velocity of 30 ml/min. The percentages of compounds
were calculated by the area normalization method, without
considering response factors.
Gas chromatography–mass spectroscopy
GC–MS analyses were carried out using a Varian 240 GC–MS
system equipped with a VF-5 fused capillary column
(30 m · 0.25 mm i.d., ﬁlm thickness 0.25 lm); oven tempera-
ture was 50–180 C at a rate of 5 C/min, transfer line
temperature 250 C, carrier gas was helium with a ﬂow rate
of 1 ml/min, spilt ratio 1:20, ionization energy 70 eV, and mass
range 35–390 a.m.u.The components of the oils were identiﬁed by comparison
of their mass spectra with those of a computer library or with
authentic compounds.
Statistical analysis
The statistical analysis was carried out using the Least Signif-
icant Difference (LSD) test at 0.05% according to Snedecor
and Cochran (1982).
Result and discussion
A pale yellow essential oil with yield of 0.67% (on fresh weight
basis) was obtained from fresh lemongrass plant. This result
agrees with some works who reported that oil content of a nor-
mal cut should average 0.25–0.50%, but with good manage-
ment and selected strains could be yielded up to 0.66–0.90%
(Weiss, 1997; Maiti et al., 2006).
The method of drying had a signiﬁcant effect on the essen-
tial oil content of C. citratus (Tables 1 and 2). Lemongrass
leaves dried in an oven at 45 C had the highest essential oil
content (2.34%) on dry weight basis. While, lemongrass leaves
dried in sunshine and in shade afforded oil at percentages of
2.10% and 2.12%, respectively with no signiﬁcant difference
between them.
Eighteen components were identiﬁed in the essential oil of
fresh and dried C. citratus leaves by different drying methods,
which represented 99.29–88.41% of the oil components. The
chemical constituents of oils are presented in (Fig. 1) and
(Table 3). The components are listed in order of their retention
time on the VF-5 column.
The major components of the essential oils were geranial
(31.53%, 39.86% and 37.24%), neral (30.08%, 34.52% and
31.28%) and myrcene (16.61%, 14.49% and 15.42%) in oils
extracted from lemongrass leaves dried by sun, shade and oven
drying, respectively; the quality of lemongrass is generally
determined by its citral content.
Comparison of the results showed that different used dry-
ing methods had no effect on the major components of the
essential oil, but had a signiﬁcant effect on their percentages.
Fig. 1 Gas chromatogram of lemongrass C. citratus oil.
Table 3 Essential oil components of Cymbopogon citratus as affected by different drying methods of leaves.
No. Compound RT Fresh Sun-drying Shade-drying Oven-drying
1 Myrcene 9.15 15.69 16.16 14.49 15.42
2 Limonene 9.78 0.41 0.42 0.43 0.40
3 E,E-cosmene 10.37 0.20 0.23 0.21 1.26
4 Z-b-Ocimene 10.60 0.97 t 0.17 0.22
5 E-b-Ocimene 10.94 0.41 0.28 0.26 0.27
6 a-Terpinolene 12.87 1.02 1.09 1.09 1.06
7 Citronellal 13.16 0.60 2.06 2.03 3.01
8 Cis-Verbenol 14.10 0.15 0.15 0.15 0.18
9 Linalool 14.66 1.03 2.06 2.03 2.44
10 Cis-Carveol 15.23 1.18 1.49 1.35 1.47
11 Atrimesol 15.41 0.26 0.15 t 0.19
12 Nerol 16.15 0.17 0.27 0.22 0.29
13 Neral 17.15 34.98 30.08 34.52 31.28
14 Geraniol 17.44 0.53 0.86 0.95 1.31
15 Geranial 18.01 40.72 31.53 39.86 37.24
16 Carveol 18.48 0.18 0.65 0.38 0.73
17 Geranyl acetate 21.38 0.51 0.7 0.49 0.67
18 Caryophellene 22.66 0.28 0.23 0.20 0.21
99.29 88.41 98.83 97.63
t< 0.05.
Lemongrass (Cymbopogon citratus) essential oil 115These results are in agreement with those obtained in other
essential oil-bearing plants (Morsy, 2004; Omidbaigi et al.,
2004; Seﬁdkon et al., 2006).The relatively higher proportions
of geranial and neral in the essential oil of shade dried lemon-
grass leaves were more pronounced than those in the other two
drying methods. While, myrcene content in oven dried lemon-
grass leaves’ essential oil was higher than that in essential oils
in leaves dried by using the other two methods.
It could be concluded that drying of C. citratus leaves in the
oven at 45 C for 7 h. is more suitable and recommended for
obtaining higher essential oil content. Whereas, for higher
percentages of major components (citral-a and citral-b) shade
drying with source of ventilation for 48 h is more suitable.References
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